


















A.1.	Scans	of	Free	Carbene	Dihedral	Angle	Initially,	 geometry	optimizations	constraining	 the	dihedral	angle	 shown	 in	Figure	1	were	performed	using	the	BP863–5	and	B3LYP4,6	functionals.	The	6-311G(d)7	basis	set	was	used	on	all	atoms.	AutoAux8	was	used	as	an	auxiliary	basis,	so	that	the	resolution	of	identities9–13	(RI)	approximations	could	be	applied.	In	the	BP86	case,	Split-RI-J,	the	default	and	recommended	version	of	RI	was	used;	 in	the	B3LYP	case,	RIJCOSX,	the	recommended	version	for	hybrid	functionals,	was	used.	Fine	DFT	grids	were	used	(GRID7	NOFINALGRID	for	BP86,	GRID7	NO-FINALGRID	GRIDX9	for	B3LYP).	The	unrestricted	Kohn-Sham	formalism	(UKS)	was	used	to	find	the	closed-shell	singlet,	triplet,	and	open-shell	singlet	(OSS)	states.	Using	the	triplet	ge-ometry	and	wavefunction	(.gbw	file),	constrained	optimizations	using	the	broken-symmetry	solutions	were	used	to	find	the	OSS	states.	Tight	SCF	convergence	criteria,	which	has	a	con-vergence	tolerance	of	10-8	Hartrees,	was	applied	for	all	calculations.			Quasi-degenerate	N-electron	valence	second-order	perturbation	theory	(QD-NEVPT2)14	sin-gle	point	calculations	using	a	2-in-2	active	space	were	performed	(active	space	orbitals	for	select	angles	in	Figures	S4-6).	Using	the	B3LYP	triplet	geometries,	the	triplet	manifold	was	evaluated	using	a	 state-specific	 calculation.	Using	 the	B3LYP	OSS	geometries,	 two	 singlet	roots	were	used	in	a	state-averaged	calculation	and	were	found	to	correspond	clearly	to	ei-ther	CSS	or	OSS	manifolds	(occupancies	in	Table	S1;	CI-Vectors	in	Tables	S2-3).	For	DFT	cal-culations,	the	6-311G(d)	basis	was	used	on	all	atoms.	As	suggested	in	the	ORCA	complete	active	 space	 self-consistent	 field	 (CASSCF)	documentation,	 tight	 SCF	 convergence	 criteria	with	an	energy	tolerance	of	10-7	Hartrees	was	applied	for	all	these	calculations.	While	QD-NEVPT2	was	used	 throughout	 this	 study,	 it	was	 found	 to	give	 identical	 results	 to	regular	NEVPT215–19	calculations	(Tables	S27-28).	 In	the	same	manner,	 fully	 internally	contracted	multireference	configuration	interaction	(FIC-MRCI)20	calculations	were	performed	by	read-ing	in	the	QD-NEVPT2	wavefunctions	(.gbw	file).	Multi-reference	coupled	cluster	with	single	and	 double	 excitations	 (MR-CCSD)	 and	 with	 the	 differential	 local	 pair	 natural	 orbital	(DLPNO)21	approximation	(denoted	in	the	work	as	DLPNO-MR-CCSD)	were	performed	using	cc-pVTZ22	and	cc-pV6z/c23	and	a	2-in-2	active	space	(see	Figure	1	in	the	main	text)	with	very	tight	convergence	criteria.	Here	state-specific	calculations	needed	to	be	used	 for	all	 three	states	and	the	OSS	B3LYP	geometry	was	used.				
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A.2.	Scans	of	Dihedral	Angle	in	IPC	Models	and	the	[Fe(TPP)CCl2]	Single	Points		Geometry	optimizations	constraining	the	dihedral	angle	in	Figure	1	were	performed	in	much	the	same	way	 for	 the	 IPC	model	complexes	as	 for	 the	 free	carbene.	However,	 for	 the	 IPC	model	complexes	a	split	basis	was	used.	6-311G(d)	was	on	the	 iron,	 the	 ligating	nitrogen	atoms,	and	all	the	atoms	in	the	carbene	molecule;	6-31G(d)24	was	used	on	all	the	other	atoms.	The	restricted	Kohn-Sham	formalism	(RKS)	was	used	to	find	the	CSS.	In	addition	to	BP86	and	B3LYP,	TPSSh25–27	was	also	used	for	the	scans.	DFT	grids	sufficiently	fine	for	accurate	ener-gies	 and	 geometries	 were	 used	 (GRID7	 NOFINALGRID	 for	 BP86,	 GRID4	 NOFINALGRID	GRIDX5	for	TPSSh	and	B3LYP).	All	other	aspects	of	the	DFT	calculations	were	the	same	as	for	the	free	carbene	case.	
 Using	 the	 B3LYP	 CSS	 geometries,	 QD-NEVPT2	 calculations	 using	 a	 12-in-12	 active	 space	were	performed.	2	singlet	roots	and	2	triplet	roots	were	used	in	a	state-averaged	calculation.	The	6-311G(d)	basis	was	again	used.	Again,	as	suggested	in	the	ORCA	CASSCF	documenta-tion,	tight	SCF	convergence	criteria	with	an	energy	tolerance	of	10-7	Hartrees	was	applied	for	all	these	calculations.	The	RIJCOSX	and	RIJK	approximations	were	found	to	give	very	similar	results;	the	RIJCOSX	approximation	was	used,	as	it	was	less	computationally	demanding.	The	Bloch	and	Nakano28	QD-NEVPT2	formalisms	were	found	to	give	identical	results	(Table	S29).	Unless	specified	the	Bloch	formalism	was	used	throughout	this	study.	The	active	spaces	and	occupancies	are	provided	in	a	supporting	pdf	file;	the	CI-vectors	and	useful	Loewdin	orbital	analyses	are	provided	in	Tables	S9-23.		For	[Fe(TPP)CCl2]	the	same	procedures	were	used	as	for	the	above;	however,	single	point	calculations	on	the	crystal	structure29	were	performed	(energetics	and	CI-Vectors	tabulated	in	Tables	S4-7).			







































Character	10	 0.996	20	 0.995	30	 0.997	40	 0.999	50	 >	0.999	60	 >	0.999	70	 >	0.999	80	 0.999	90	 0.998	100	 0.997	110	 0.996	120	 0.995	130	 0.995	140	 0.997	150	 0.999	160	 >	0.999	170	 0.998										
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Table	S4.	[Fe(TPP)CCl2]	DFT	Single	Point	Energies.		 OSS	(kcal/mol)	 CSS	(kcal/mol)	 Triplet	(kcal/mol)	
BP86	 0.001	 0.000	 34.905	
TPSSh	 0.004	 0.000	 31.746	






Table	S6.	[Fe(TPP)CCl2]	Energies	From	12-in-12	QD-NEVPT2	State-Averaged	Calculation.		 CSS	 Triplet	1	 Triplet	2	 OSS	
Energy	
(kcal/mol)	





















Hydroxide	 1.443	 15.115	 18.809	 27.658	
Thiolate	 2.871	 19.220	 26.814	 30.414	
N-MeImid	 2.741	 21.453	 29.398	 35.007	
90°	Dihedral	Angle:		 CSS	(kcal/mol)	 Triplet	1	
(kcal/mol)	 Triplet	2	(kcal/mol)	 OSS	(kcal/mol)	
Hydroxide	 0.000	 14.257	 18.201	 35.035	
Thiolate	 0.033	 16.876	 24.733	 37.260	
N-MeImid	 0.000	 18.751	 26.788	 42.442	
180°	Dihedral	Angle:		 CSS	(kcal/mol)	 Triplet	1	
(kcal/mol)	 Triplet	2	(kcal/mol)	 OSS	(kcal/mol)	
Hydroxide	 5.033	 18.828	 22.355	 30.981	
Thiolate	 6.367	 23.003	 30.589	 33.376	
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151	Fe	%	 151	C	%	 152	Fe	%	 152	C	%	







































































(kcal/mol)	10	 0.00013	 -0.00013	 0.00000	20	 0.00191	 -0.00190	 0.00000	30	 0.01266	 -0.01266	 0.00000	40	 0.02627	 -0.02627	 0.00000	50	 0.03651	 -0.03651	 0.00000	60	 0.04295	 -0.04295	 0.00000	70	 0.04458	 -0.04458	 0.00000	80	 0.04032	 -0.04032	 0.00000	90	 0.03034	 -0.03034	 0.00000	100	 0.02082	 -0.02082	 0.00000	110	 0.01420	 -0.01420	 0.00000	120	 0.01011	 -0.01011	 0.00000	130	 0.00763	 -0.00763	 0.00000	140	 0.00715	 -0.00715	 0.00000	150	 0.00905	 -0.00905	 0.00000	160	 0.01477	 -0.01477	 0.00000	170	 0.01977	 -0.01977	 0.00000							
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0	 0.00249	 0.00246	 0.00202	 0.00216	10	 -0.00108	 -0.00087	 -0.00071	 0.00256	20	 0.00017	 0.00012	 -0.00028	 -0.00073	30	 -0.00001	 0.00000	 0.00003	 -0.00125	40	 -0.00168	 -0.00157	 -0.00177	 -0.00202	50	 -0.00324	 -0.00235	 -0.00239	 -0.00367	60	 -0.00060	 0.00031	 -0.00077	 -0.00298	70	 -0.00128	 -0.00151	 -0.00168	 -0.00307	80	 0.00161	 0.00227	 0.00207	 -0.00295	90	 -0.00275	 -0.00158	 -0.00061	 -0.00012	100	 -0.00246	 -0.00208	 0.00098	 0.01781	110	 -0.00317	 0.00277	 -0.00935	 -0.05537	120	 -0.00506	 -0.00481	 -0.00215	 0.00792	130	 0.28107	 0.28902	 0.26982	 0.26674	140	 -0.00112	 -0.00123	 -0.00075	 0.00085	150	 -0.00223	 -0.00203	 -0.00099	 0.00130	160	 -0.00545	 -0.00451	 -0.00274	 -0.01876	170	 0.23812	 0.24583	 0.22500	 0.21546	180	 -0.01011	 -0.00917	 -0.00861	 -0.01109			 	
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Table	S30.	Loewdin	Atomic	Spin	Populations	 for	 the	B3LYP	N-MeImid	 in	 triplet	and	OSS	states	and	their	dependence	on	dihedral	angle.	
B3LYP	Methyl-Imidazole	Triplet	
Dihedral	Angle	 Fe	Spin	Pop.	 Carbene	C	Spin	Pop.	0	 1.128	 0.608	10	 1.126	 0.611	20	 1.122	 0.623	30	 1.125	 0.631	40	 1.123	 0.650	50	 1.124	 0.674	60	 1.104	 0.765	70	 1.114	 0.769	80	 1.101	 0.767	90	 1.123	 0.749	100	 1.124	 0.730	110	 1.086	 0.758	120	 1.092	 0.722	130	 1.099	 0.694	140	 1.104	 0.670	150	 1.115	 0.641	160	 1.123	 0.621	170	 1.130	 0.606	180	 1.134	 0.599	
B3LYP	Methyl-Imidazole	OSS	
Dihedral	Angle	 Fe	Spin	Pop.	 Carbene	C	Spin	Pop.	0	 0.894	 -0.635	10	 0.885	 -0.631	20	 0.864	 -0.624	30	 0.830	 -0.611	40	 0.784	 -0.589	
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For N-MeImid (Top Left): 
Fe(III): (a2u)2(a1u)2(σz^2)2(dxy)2(dxz)2(dyz)1(C px)1 
Fe(II): (a2u)2(a1u)2(σz^2)2(dxy)2(dxz)2(dyz)1(dx^2-y^2)1(C px)0 
Fe(II): (a2u)2(a1u)2(σz^2)2(dxy)1(dxz)2(dyz)2(dx^2-y^2)1(C px)0 
Fe(II): (a2u)2(a1u)2(σz^2)2(dxy)2(dxz)2(dyz)2(C px)0 
For Thiolate (Top Right): 
Fe(III): (a2u)2(a1u)2(σz^2)2(dxy)2(dxz)2(dyz)1(C px)1 
Fe(II): (a2u)2(a1u)2(σz^2)2(dxy)2(dxz)2(dyz)1(dx^2-y^2)1(C px)0 
Fe(II): (a2u)2(a1u)2(σz^2)2(dxy)1(dxz)2(dyz)2(dx^2-y^2)1(C px)0 
Fe(II): (a2u)2(a1u)2(σz^2)2(dxy)2(dxz)2(dyz)2(C px)0 
For Hydroxide (Bottom Left): 
Fe(III): (a2u)2(a1u)2(σz^2)2(dxy)2(dxz)2(dyz)1(C px)1 
Fe(II): (a2u)2(σz^2)2 (a1u)2(dxy)2(dxz)2(dyz)1(dx^2-y^2)1(C px)0 
Fe(II): (a2u)2(σz^2)2 (a1u)2(dxy)1(dxz)2(dyz)2(dx^2-y^2)1(C px)0 
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